Background: Individuals at risk for chronic kidney disease (CKD), including those with diabetes mellitus and hypertension, are prevalent in primary care physician (PCP) practices. A major systemic barrier to mitigating risk of progression to kidney failure and to optimal care is failure of communication and coordination among PCPs and nephrologists.
INDEX WORDS: Quality improvement; chronic kidney disease (CKD); co-management; communication; primary care practice; primary care physician (PCP); nephrology practice; nephrology referral. C omanagement of patients with chronic kidney disease (CKD) is both desirable and necessary. 1, 2 A diagnosis of CKD is ascribed to an estimated 10 million US persons, with many more at risk. 3, 4 At-risk persons, including those with diabetes mellitus and hypertension, are highly prevalent in primary care practices. Early CKD identification allows for improved management and optimal care, which mitigates the risk of progression to advanced CKD and improves outcomes. 5, 6 CKD is common and associated with excess mortality. 4, [6] [7] [8] [9] [10] Despite best-practice guidelines becoming available more than a decade ago, 11,12 outcomes remain poor. 2, 4 Previous work noting poor adherence to guidelines suggested that improving comanagement among primary care physicians (PCPs) and nephrologists offered promise. [13] [14] [15] A recent study noted increased comanagement processes following the institution of estimated glomerular filtration rate (GFR) reporting; however, care remained suboptimal. 16 Similarly, use of electronic health record alerts in 30 PCP practices did not engender appropriate proteinuria assessment and nephrology referral in patients with moderate to advanced CKD, 17 and a test of an enhanced versus standard laboratory CKD prompt was ineffective in 93 PCP practices. 18 Likewise, a recent report comparing a nurse-coordinated model, which included a nephrologist in addition to the usual care provided by PCPs, revealed little impact on outcomes over 24 months. 19 Conversely, educational intervention by pharmacists and nurses was shown to improve blood pressure control in patients with CKD in PCP practices, 20 and 2 primary care practices demonstrated improvement in the recognition of CKD, anemia, and improper use of medications using a combination of practice enhancement assistants, academic detailing, and computer decision support. 21 Lack of communication and coordination among PCPs and nephrologists has been cited as a major systemic barrier to slowing CKD progression and associated premature cardiovascular disease. 22 Focus groups of patients with CKD, nephrologists, and non-nephrologists engaged in their care revealed the need for improved relationships between PCPs and nephrologists. 13, 22, 23 Meanwhile, the large proportion of patients with CKD managed exclusively by PCPs fared poorly in terms of recommended best practices. 1, 14, 24 Prompted by these needs, the Renal Physicians Association convened a Stakeholders Consensus Panel of PCPs, nephrologists, and other experts to explore common goals for these patients (Item S1, available as online supplementary material). The most salient concerns were general dissatisfaction with the care of patients with CKD and the referral process; proposed tasks were to improve CKD identification and appropriate referral to nephrologists, improve communication, and advance comanagement among PCPs and nephrologists. In consensus, a set of specific PCP tools was developed using Facilitated Process Improvement methodology 25 to promote such improvement.
Berwick 26 has noted that improving health care delivery is an example of "complex, unstable, non-linear social change." He argues for rejecting the traditional evidence paradigm as inadequate in quality improvement trials in favor of Pawson and Tilley's 27 construct: context 1 mechanisms 5 outcomes. The latter relates a program's success to the introduction of "appropriate ideas and opportunities" and contrasts with the classic rules of inference, which favor the status quo over change. 26 Berwick further asserts that changes in care processes are best measured with qualitative methods, which are better suited to providing essential information about such mechanisms and contexts. 26 In keeping with the imprecise nature of the science of health care delivery, this work was constituted as a pilot learning project. At the project's launch, we initiated a conversation between PCP and nephrology practices, aiming to engender a focus on CKD and improve communication and comanagement. We focused on the functional specifications for improving CKD carewhat processes are necessary and sufficient. 25 The project plan provided a mechanism for resolving barriers and aimed to minimize time investment required on the part of PCPs. Our objective was to assess practice patterns in the identification of patients with CKD, communication between nephrologists and PCPs, and management of patients with CKD and to test the hypothesis that use of the specifically tailored PCP tools would result in better care as gauged by enhanced identification of patients with CKD and improvement in communication and satisfaction between nephrologists and PCPs.
METHODS
The Mayo Clinic Institutional Review Board determined that this quality improvement study (ID 09-003536) was exempt, and it was approved by the clinical leadership of the practices, whose experience is reported. We investigated nephrology and primary care practices, testing the intervention of providing tools specifically created to improve CKD identification, referral, communication, and comanagement. The experiment included 9 PCP and 5 nephrology practices over 12 to 15 months and concluded on March 31, 2011. Two cities were selected from different regions of the United States (Northeast: Philadelphia; Midwest: Chicago), and nephrology practices were identified within those communities and selected based on willingness to participate in a quality improvement project and to recruit from among their primary care referring groups a number of those also willing to participate. Four referring PCP practices in Philadelphia and 5 in Chicago were recruited by respective nephrology practices. Nephrologist training and PCP education sessions were followed by selection of physician leaders and "site champions" at each participating practice.
Site visits and pre-and postintervention questionnaires provided practice-level information. Additional information on practice patterns, perceptions, and tool use was obtained from taped interviews with physician leaders and site champions pre-and postimplementation and also from monthly teleconferences with study staff; audit instruments developed for quality improvement focused on CKD identification and referral for the PCP practices. Each PCP practice was responsible for identifying 20 patients for the pre-and post-audits; 7 of 9 completed both. Two of the 9 PCP practices, one each from Philadelphia and Chicago, completed only the preaudit. Both pre-and postintervention samples were selected using tools provided in the patient identification assessment and evaluation section of the Renal Physicians Association Advanced CKD Patient Management Toolkit. 28 Practices screened consecutive charts of patients seen beginning on a convenient date, selecting those older than 50 years, with a diagnosis of diabetes mellitus and hypertension, and followed up by the practice for at least 12 months. Data were collected from 292 eligible patient records, 157 audited pre-and 135 audited postimplementation, and included the following information. Was a serum creatinine level ordered within the past 1 year? Is there documentation of GFR within the past 1 year? Is the GFR # 30 mL/min? Was the patient referred to a nephrologist? Also included were sex, age, race, and employment and insurance status.
The stakeholders' panel developed a consensus on the needs and objectives. Tasks derived according to methodology described by Matchar et al 25 29, 30 a qualitative expert (J.S.) reviewed interview transcripts for themes that emerged from the narrative. Themes were not deemed emergent unless they appeared in a majority of narratives for the respective group (PCPs, nephrologists, and site champions).
Demographic characteristics of participating practices were summarized using means and percentages. PCP audit values were analyzed as percentage, 95% confidence interval (CI), and P value. CIs and P values were adjusted for practice-level clustering using generalized estimating equations. A total sample of 100 to 200 charts was estimated as the target sample size for each of the preand postimplementation times. After adjustment for intraprovider correlation, 31 this minimum target sample size was calculated to provide an absolute margin of error of 6 0.1 to 0.4.
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RESULTS
Demographic characteristics of participating practices were derived from site visits and preintervention questionnaires and are presented in Tables 2 and 3 . Location was urban or suburban and practices were either group single specialty or solo; numbers of physicians and years in practice varied widely. Nephrologists' first CKD visit averaged 40 minutes, with 20 minutes for follow-up, and PCPs estimated 35 minutes for first visit, with 20 minutes for follow-up. CKD management styles varied. Only one nephrology and one PCP site used electronic health records. PCP patients were younger, with, as expected, a lower percentage of CKD stages 3-5 compared with nephrology practice patients.
Practice patterns in CKD identification, management, and communication were compiled from questionnaires, site visits, and monthly call worksheets. At the outset, care processes and mechanisms related to the project tasks varied among PCP practices. Most identified diabetic patients as at risk for CKD (7 of 9), but not other high-risk patients. The absence of a list of high-risk conditions was notable (7 of 9), as was the staff's lack of appreciation of that need (9 of 9). A point-of-care process for identifying patients with CKD also was lacking (9 of 9). Likewise, there were no available criteria for referral of patients to nephrologists (9 of 9). Referral processes varied; some provided laboratory test results, but most simply instructed patients to call the nephrologist for an appointment. Patient education processes were well developed in nephrology practices, but were rudimentary or nonexistent in primary care. In the 8 practices for which postimplementation PCP processes were analyzed (the physician leader and site champion for site 9 left soon after collection of the baseline data, and the practice decided not to participate further), remarkable improvement was observed for CKD identification, referral, and communication and execution of comanagement plans. A total of 166 of the 171 tasks and 124 of the 144 subtasks were in place postimplementation, compared with 78 and 51 preimplementation, respectively (Table 4) . Nephrology practices likewise improved postimplementation, particularly in their referral processes and communication (Table 5 ). Postintervention questionnaires confirmed that patients with CKD were being referred earlier-none later than stage 4.
Interviews were conducted with 12 physician leaders (7 PCPs and 5 nephrologists) and 13 respective site champions prior to implementation and 24 individuals (7 PCPs, 5 nephrologists, and 12 site champions) after implementation of the toolkit. Both sets of interviews averaged 32 minutes. Key themes are shown in Box 1, and relevant quotes are included in Box 2. Preimplementation, few PCPs reported familiarity with CKD clinical practice guidelines, and CKD screening was limited mostly to diabetic patients. Nephrologists and site champions expressed awareness of the importance of early CKD identification by PCPs. Postimplementation, all PCPs reported increased awareness of risk factors for kidney disease. Preimplementation, few PCPs used specific triggers for nephrology referrals, although several cited creatinine level . reported by nephrologists improved from 2.6 preimplementation to 4.3 postimplementation. Corresponding satisfaction levels of PCPs were relatively high preimplementation (4.3) and increased to 4.7. Of the 16 respondents with preimplementation levels less than "satisfied," 15 noted improvement, with 6 improving from "somewhat unsatisfied" to "satisfied" or "very satisfied." Audits were completed for 292 PCP charts, yielding 157 pre-and 135 postimplementation. Demographics of these randomly selected pre-and postimplementation samples were similar (age, race, sex, and employed and insured status). Audits were designed to provide feedback on opportunity for improvement, not a statistical sample. Analysis of PCP audits with complete pre-and postimplementation data revealed significant improvement in GFR documentation (preimplementation, 82% [95% CI, 53%-95%]; postimplementation, 99% [95% CI, 95%-99%]; P 5 0.01); most performed well with respect to ordering creatinine levels within 1 year for these high-risk patients preimplementation and all postimplementation (97% [95% CI, 89%-95%] and 99% [95% CI, 96%-99%], respectively; P 5 0.2). The overall rate of referral of patients with CKD was 24% (95% CI, 12%-41%) preimplementation and 39% (95% CI, 19%-63%) postimplementation, not significantly different (P 5 0.4). However, 4 of 7 showed an average 45% increase (95% CI, 20%-95%) and a fifth, with no net increase in percentage of patients referred, nevertheless showed a 100% increase in referral of patients with CKD stage 4. The rate of patients with GFRs # 30 mL/min who were referred to nephrology was higher than the overall rate of referral of patients with CKD and did not increase significantly (50% [95% CI, 2%-79%] pre-versus 58% [95% CI, 24%-85%] postimplementation; P 5 0.7), whereas the percentage of those with GFRs # 30 mL/min was similar pre-and postimplementation (10% [95% CI, 3%-30%] vs 24% [95% CI, 8%-55%]; P 5 0.3). Although there were too few practices to support a formal comparison, those consistently using all tools performed better in terms of achieving project goals or improvements than those that did not.
Site champions and physician leaders were contacted 3 years after completion of the study and asked specifically whether the improvements in awareness of CKD, communication, the referral process, and comanagement of patients with CKD had been sustained and whether tools were still in use. Of those who had remained active in their respective practices over that time frame, 5 responded (3 site champions and 2 physicians), with 14 of 15 answers being affirmative.
DISCUSSION
In this study, the use of specifically tailored tools was associated with enhanced awareness and identification of CKD among PCPs and led to increased communication and improvement in comanagement and cooperation between PCPs and nephrologists. The PCP practices improved CKD identification, referral to nephrologists, communication, and execution of comanagement plans. Nephrologists improved referral and comanagement processes. Postintervention interviews of PCPs documented increased awareness of risk factors, the need to track high-risk patients, and the importance of early referral. Final nephrologist interviews revealed heightened attention to communication and comanagement with PCPs, along with increased levels of satisfaction among all parties.
Previous work has linked poor guideline adherence to a lack of or poor comanagement between PCPs and nephrologists, even after institution of automatic estimated GFR reporting. Preintervention, nephrologists noted that patients generally did not know the reason for referral and that test duplication was common. They asserted the need for better awareness of CKD and earlier referral. There was not a comanagement process in place in most of the PCP or nephrology practices. Investigation of preferences among PCPs and nephrologists in the care of patients with CKD revealed that while most favored collaboration, preferences differed; PCPs preferred to seek guidance on diagnosis, testing, medication use, and nutrition. 33 Studies of PCP-specialist collaboration in diabetes care have noted that good relationships, insurance coverage, and continuity of care with PCPs were important, and that good communication was associated with improved outcomes. 34, 35 However, a Abbreviations: Allied health, physician assistant, educator, nutritionist; CKD, chronic kidney disease; Co-, comanagement; EHR, electronic health record; Full, full management. Process for CKD Identification
Staff understand need and means
Mechanism exists to coordinate with existing care
Creatinine/GFR and urine (ACR) ordered for each high-risk pt
Staff understand need and what intervals X
X X X O O O X X O O X X O O O O Someone is responsible for ordering these lab tests O O O O O O O O O O O O X O O O O
CKD pts identified and documented in their medical record
Staff understand need to identify pts with CKD and how this is done (CKD definition available)
Staff has means to identify pts with CKD at point of care and a place for this to be documented
Someone is responsible for adding to problem list or flagging chart as reminder
Process for Referral to Nephrologist
Pts requiring referral are identified
Staff understand means by which referral will be accomplished
Nephrologist with CKD interest and expertise selected
Reason for referral and pertinent test results are communicated to nephrologist
4. Someone identified as responsible to initiate the referral and communicate to the pt
Communication of Comanagement Plan
1. Nephrologist and PCP staff understand need for comanagement and the means by which this will be done
2. CKD comanagement plan is developed by nephrologist for all pts referred for this purpose
3. Comanagement plan communicated to PCP with selected goals and targets and suggested division of duties; PCP and nephrologist agree on plan
recent report noted disconnects between PCPs and specialists on referral, consultation communication, and the need for improving information transfer.
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Late referral and suboptimal care resulting in higher mortality and hospitalization rates and the need for early recognition among high-risk populations have been the subjects of numerous reports, 2, 5, 9, 14, 24, 34, [37] [38] [39] [40] [41] [42] [43] [44] [45] and the lack of knowledge about appropriate timing of referrals and poor communication have been cited as key factors. 46 Uncertainty in referral timing, variability in CKD diagnosis and treatment, and perceptions that the referral process is "disorganized" all contribute to poor communication and comanagement.
13, 43 The tools implemented during this project (Table 1) were designed to address these concerns.
Comanagement hinges on effective communication, and the Post-consult Letter Tool served as a reminder of clinical issues to address in CKD. This 
Staff has means to identify pts with comanagement plan in place at point of care and this is documented in medical record
Referred pt is aware of comanagement plan and who is responsible for what
Mechanism exists for informing and reminding pts with comanagement plans; staff has means to identify these pts and communicate their plan
Execution of Comanagement Plan
1. Staff are aware that the pt has been referred, is being co-managed, and has a co-management plan; there exists a reminder mechanism
Relevant lab tests and parameters are ordered/tracked/shared
Staff aware of what testing required, guidelines for optimal care, what should be done at each CKD stage; clarity on who will do what; mechanism exists for tracking; reminder mechanism in place
Treatment is adjusted based on agreed upon goals and targets
Pt is educated regarding disease stage, capabilities, and preferences
Staff possess knowledge, skills and tools for teaching pts about CKD and comorbid conditions and importance of treatment and follow-up
Pt is informed re grading test results, changes in treatment, progress, and comanaging practitioner is kept current
Abbreviations and definitions: O, process in place; -, no data available; ACR, albumin-creatinine ratio; CKD, chronic kidney disease; GFR, glomerular filtration rate; PCP, primary care physician; pt, patient; lab, laboratory; X, process not in place.
a There are no postimplementation data for site 9. The physician leader and site champion for site 9 left soon after collection of the baseline data, and the practice decided not to participate further.
Am J Kidney Dis. 2014;-(-):--tool facilitated explicit communication of a comanagement plan. The PCPs and their site champions reported improved satisfaction with communication, noting that letters were more descriptive and collaborative and were conducive to improved communication, enhanced comanagement, and better patient care. Postimplementation, processes improved in PCP practices regarding CKD identification, referral to nephrologists, communication, and execution of comanagement plans (Table 4) . Aggregate comparisons between pre-and postimplementation PCP chart audit samples suggested improvement in PCP documentation of GFR and referral to nephrologists over the course of the study. Likewise, nephrology practices improved processes, particularly those related to referral and communication of a comanagement plan (Table 5 ). The engagement and enthusiasm of site champions and physician leaders were critical to successful implementation of tools and changes in practice. 2, 29 Notably, the perceived burden of implementation and participation was found to be light; both nephrologists and PCPs gave favorable rankings (nephrologists, 4.5; PCPs, 4.7 [Likert satisfaction scale, with 5 being highest]).
Criteria for qualitative research include credibility, transferability, reliability, and confirmability. 30 In this study, triangulations through in-depth transcript analysis, persistent observation, and statistical methodology 
. Someone is responsible for adding to problem list or flagging chart as reminder
The referred pt is aware of comanagement plan and who is responsible for what
Mechanism exists for informing and reminding pts with comanagement plans; staff has means to identify these pts and communicate their plan supported these criteria. In describing key themes from the interviews, an attempt was made to identify how the participants understood, regarded, and responded to project tasks. Final interviews of PCPs and site champions documented increased awareness of risk factors, a need to track high-risk patients for early identification of CKD, and the importance of early referral of certain patients. Postimplementation nephrologist interviews revealed a heightened sense of importance of communication and comanagement with PCPs, along with increased levels of satisfaction among all parties.
We acknowledge limitations to our analysis. It is not surprising that this intervention involving multiple elements yielded improvements in identification of CKD and communication and comanagement, and it is possible that some amelioration could have occurred because of factors other than the intervention. Further, while our qualitative observations could represent true improvement in these areas, it also is possible that familiarity of the respondent and questioner over the course of the project might tend to result in response skewed to the positive side. In addition, as previously noted, there were too few practices to support a formal comparison regarding tool use. Our conclusions are based on data from 5 nephrology and 9 PCP practices in urban or suburban communities within 2 large cities that differ in practice environment, provider, and patient characteristics. A larger sample would have allowed additional comparisons, including practice settings, number of patients with CKD in the practice, use of electronic health records, and allied health care professionals. Another limitation is selection bias. Nephrology practices volunteered to participate and helped recruit their referring PCP practices. A volunteer bias is unavoidable in this type of study. Generalizability of these findings may be affected in so far as volunteering practices may be more motivated and more ready to make changes in processes and may be better staffed for such. This was devised as a learning project and we asked participants to share experiences and lessons learned during monthly contact between individual sites and study staff, and also at a midproject all-site teleconference. Given the nature and purpose of this study, we do not consider this an untoward contamination; rather, it appeared to strengthen the implementation effort.
Bringing nephrologists and their primary care colleagues together and providing specifically tailored tools led to enhanced awareness and identification of CKD, increased and enhanced communication, and improved comanagement processes and cooperation between PCPs and nephrologists. Our methods and findings are largely qualitative and the audits were designed solely to provide feedback on opportunities for improvement. As noted, qualitative data may be better suited to the task of measuring changes in care processes than the traditional evidence paradigm. 26 Further study designed to determine whether these changes in processes yield improved outcomes may be warranted. Current developments in the use of electronic health records, such as use of alerts built into electronic ordering and 
Box 2. Selected Nephrology and Primary Care Quotations
Relevant to Project Goals PCP: "Generally more aware of identifying those patients and paying a little extra attention to them; staying on top of their renal function and maybe more aggressively screening people, particularly identifying those high risk patients."
PCP (site champion): "To me, the key is the communication between nephrologists and primary care and setting up a system that works for that primary care practice to liaise with the nephrologist's office.faxback and post-consult letter working really well."
PCP: "Consult letters have been excellent, very clear and very useful as far as clarifying what we need to do and giving me a better understanding of the patient's current status."
Nephrologist: "I think it clearly defined the areas where each person needed to concentrate.co-management was clear.
[PCPs] also understood we're not taking over the patient." PCP (site champion): "It clarified everything and gave us a standardized way rather than every physician doing their own independent thing. I think it's the fine details of the co-management of CKD. It's having those tools and having the diary and the post-consult letters with a co-management plan articulated in the letter clearly. That helps me personally feel more confident about co-managing these patients."
Nephrologist: "It did two things. It forced us to interact more with the primaries. Some wanted formal teaching and they were very open to that. It made us aware that we have to be more explicit in our consult about the goals of care and targets. It made us more cognizant about making sure the responsibilities are laid down. I think we did a better job, as a result of this project, in patient education."
PCP: "It helped solidify our roles and the expectations of each party.it helped empower me to make more decisions about the care and what I would be able to manage on my own and what I should send back. I wish there was something like this for other specialties as well."
Abbreviations: CKD, chronic kidney disease; PCP, primary care physician.
best practice decision support alerts, may provide for some momentum in this direction. As outcome-based payment continues to gain traction, tools, including electronic versions, that affect clinical outcomes by virtue of comanaged care may be worthy of review and dissemination.
